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It is well known that normal tissue transplanted  or displaced into 
an unusual environment may persist  for a  time but usually tends to 
disappear,  while,  as  in the  case of  a  skin  graft  upon  an  ulcerated 
surface, the tissue transplanted  into normal  environment  often sur- 
vives and carries on its  functions.  The question as to what  factors 
tend  to  prevent  the  persistence  and  growth  of  displaced  normal 
tissue  seems  almost  as  important  with  regard  to  the  abnormal 
growth of tumor tissue as that other much discussed question as to 
why transplanted  tumor tissues grow. 
Several  possibilities  suggest  themselves  and  there  may  well  be 
others.  First there is the question of the technique employed in the 
transplantation;  either the circulation  may be reestablished by anas- 
tomoses of the vessels or the tissue may be merely implanted and left 
to  care  for  itself,  sometimes  standing  little  chance  of  receiving  a 
new  blood  supply  until  nearly  all,  or  all  of  the  cells  have  died. 
Naturally in the second case the chance for the survival of the tissue 
will  be  prejudiced  by the  lack  of  circulation.  Nevertheless,  it  is 
under  just  such  circumstances  that  tumor  implantations  succeed, 
though,  as  in  the  transplantation  of  normal  tissues,  it  is  nearly 
always after  the  sacrifice of  most  of  the  cells. 
We  recognize  fundamental  differences  in  the  power  of  tumor 
cells  and  normal  cells  to  grow  in  new  situations  in  the 'body, but 
these are evidently not dependent upon the disturbances  of circula- 
tion to which these cells are exposed in transplantation. 
Two  other  possible  influences  suggest  themselves  through  the 
effects  of  which  we must  still  recognize  a  difference between the 
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behavior of normal and tumor cells.  It is clear that in the new site 
physical conditions unsuited to the life of the transplanted cells may 
exist.  Thus to state an extreme case, if we evert the mucosa of the 
intestine so that it occupies the place of part of the skin and expose 
it  to  the same conditons as  the skin,  it  tends to  dry up,  leaving a 
granulating surface which may later be covered by skin.  Is it not 
possible that the physical conditions of moisture, etc., into which we 
plunge a  piece of skin if we bury it  in the tissues,  may be just  as 
injurious to it ?  For example, it seems to be a far slighter change of 
environment for a piece of thyroid tissue when we implant it in the 
abdominal muscles. 
The second type of influence is that which is exerted by the fluids 
of the body upon the transplanted tissue in virtue of their specific 
characters,  which  apparently  become  increasingly  hostile  as  we 
consider in  turn  implantations  into the  animal  itself,  into another 
animal of the same species, and into an animal of a different or even 
entirely unrelated species. 
The  following experiments made under Dr.  MacCallum's  direc- 
• tion were meant to bear upon the relation of these several factors to 
the growth of displaced normal tissues.  They are incomplete and 
their  bearing on the problem  is  rather  indirect, but  since circum- 
stances prevent the  further carrying on of the work,  they may be 
punished as they are.  Since it has been observed that in the trans- 
plantation of tumors  from animal  to  animal,  the ease with  which 
growth is produced increases, at least for a time, it was proposed to 
determine whether it is possible to confer such ability to grow upon 
a  piece of normal tissue by transplanting it  repeatedly in the same 
manner from animal to animal.  Experiments were made in several 
ways and in considerable numbers, as is shown in the accompanying 
table  (table I). 
Pieces of skin two millimeters square were implanted under the 
skin of the axilla in rats, and removed at intervals  for transplanta- 
tion in the same way into another rat.  Thus in any one case a piece 
of skin taken from rat A  was transplanted into the axilla of rat B, 
and then successively at regular intervals transferred to the axilla of 
rats  6",  D,  E,  F,  etc.,  so  that  it  was  exposed  successively to  the 
influence of the bodies of many animals, sometimes eight and nine, C. V. Craster. 
TABLE  I. 
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Number  of 
Skin  tissue,  hosts. 
4  8  xz  z6  z,o  24  28  32 
I  ................  4  ...........................  0 
2  ................  3  .....................  O 
3  ................  2  ...............  S 
4  ................  4  ...........................  D 
5  ...............  3  .....................  S 
6  ................  3  ....................  O 
7  ................  5  ......................................  O 
8  ...............  4  ................................  O 
9  ...............  7 
Io  ..........  ....  5111111111111111111111111111111116  .........  ..o 
II  ..........  '  .....  9  .................  .................................  D 
12 ..........  ! .....  5  .................................  0 
13 ...............  2  ...............  D 
14  ...............  4  ..........................  S 
15:  .........  ~ .....  4  ..........................  0 
16 ..........  b .....  7  ...... D 
"r7 ..........  .....  3  .....................  D 
18 ..........  .....  5 
I9  ..........  L  .....  2  iiiil[iiiiiiiilb"  ................  O 
20 ..........  .....  3  .....................  S 
21 ..........  i .....  4  ...........................  O 
22 ..........  ] .....  2  ...............  0 
23 ...............  5  .................................  O 
24 ..........  i .....  6 
~5 ................,  3  iiiilliiiiiiiiiiiiiilb  .................  o 
26 .....  I .....  3  .....................  S 
I 
27 ..........  I .....  4  ...........................  0 
28 ..........  / .....  S  .................................  O 
29 ..........  I .....  5  ................................ 
I 
O 
30 ..........  ': .....  6  .......................................  D 
I 
..........  .....  2  31  ...............  S  i 
32  ..........  ! .....  4  .........................  O 
33 ..........  ! .....  3  .....................  O  I 
34 ..........  I .....  5  .................................  O 
ss  '  3  ....................  s  o 
36."  i .....  t .....  4 
:::::::::  ............  :::::36 i!iii  ii!iii!i!iii!io:::::  °  ......................  ° 
39 ..........  ' .....  4  ......................... 
Total  length  of stay in days  of  each  piece of tissue in foreigu hosts.  [ 
36 
Tissue  was  removed  at  intervals  of  four  days. 
D  =  disappeared. 
O  =  necrotic  on  removal. 
S  =  apparently  healthy  on  removal. 
just  as  transplanted  tumor  cells  in  their  various  generations  pass 
through many animals.  In another series irregular intervals of two, 
four, six,  eight, and ten days were chosen, and sometimes as many 
as five hosts were passed through (table II).  In most instances tiny 
portions of the mass were removed at each transplantation in order 496  Growth  of Displaced  Normal  Tissue. 
TABLE  II. 
Skin  Number  of  Total  length  of  stay  in  days  of tissue  in  foreign  hosts. 
tissue,  hosts. 
x  a  3  4  5  6  7  8  9  to  xx  x~  x 3  x4  z5  16  x 7 
x  ..........  2  ............  S  .........  O 
2  .........  5  .......  S  ....  S  ....  S  ...............  S  ......  O 
3  .........  3  .................  S  .........  S  .............  O 
4  .........  2  ............  S  ....  O 
S  .........  4  .... 
6  .........  3  .... 
7  .........  3  .... 
8  .........  5  .... 
9  .........  3  .... 
IO .........  4  .... 
Testis 
tissue. 
I,I  ..........  3  .... 
I2  ..........  2  .... 
I3  ..........  3  .... 
I4  ..........  4  .... 
15  ..........  I  .... 
I6  ..........  2  .... 
I7  .........  3  .... 
18 .........  2  .... 
19  .........  2  .... 
20 .........  I  .... 
6 
..  ,S  ........  S  .........  S  ......  0 
.......  S  ........  S  ...........  O 
............  S  ........  S  ............  0 
...S  ....  S  ....  S  ....  S  .........................  0 
.......  S  ....  S  ....  O 
...S  .........  S  ........  S  .............  O 
...S  ....  S  .........  O 
...S  ........  O 
.......  S  ....  S  .........  D 
...S  ....  S  .........  S  ....  O 
.......  O 
.......  S  ........  O 
...S  ....  S  ........  D 
•  .......  S  ....  O 
...S  ....  O 
.......  D 
x8  19 
Skin  tissue  was  passed  through  animals  at  various  periods  of  time. 
D  =  disappeared. 
O =  necrotic  on  removal. 
S =  apparently  healthy  on  removal. 
to observe progress microscopically.  In some cases the  whole skin 
was not used but merely thin shaved  skin grafts,  such as  surgeons 
use in covering ulcers. 
In all cases the implanted  tissue became surrounded  by a  capsule 
of  connective  tissue,  sometimes  with  many  wandering  cells  and 
some giant cells, and in some cases the skin was found to have rolled 
together so as to form a  small cyst.  Microscopically, steady retro- 
gression appeared to take place in all the skin grafts, no matter how 
few or  how many  hosts the  tissue  had  passed  through.  Signs  of 
tissue  change  and  autolysis  were  apparent  in  the  loss  of  nuclear 
staining and the fusion of the cells into a homogeneous structureless 
mass.  The necrosis took place first in the lower layers so that espe- 
cially when a  cyst had  been  formed the  stratum  corneum  persisted 
longest.  There was in no case any obvious evidence of proliferation C. V. Craster.  497 
of the skin, and although in some cases the mass retained i.ts vitality 
for twelve to sixteen days through the third or fourth transplanta- 
tion  at  four  day  intervals,  necrosis  was  apparent  in  all  after  the 
sixteenth day.  Steady absorption appeared to take place in all the 
specimens which did not disappear more rapidly through necrosis. 
These experiments tend to show that the repeated transplantation 
of the same piece of normal tissue confers no virulence upon it.  It 
does not tend to grow any better in succeeding hosts, and disappears 
after about the same term as though it had been left in one animal. 
Similar experiments were made with  fragments of testis,  which 
resulted in exactly the same way except that the testis  seemed to 
undergo a  far more rapid metamorphosis into a  structureless mass 
(table II). 
A  second series of experiments was undertaken to determine the 
effect upon an animal of repeated implantations of skin with regard 
to its receptivity for the growth of such skin.  In these experiments 
each implanted piece of skin was removed at the end of twelve days, 
when the fresh graft was  substituted.  Microscopical examination 
showed that  necrosis began  earlier  in  the  later  graft  than  in the 
earlier. 
In order to  estimate the part played by the physical conditions 
which surround the  displaced skin graft,  attempts  were made to 
restore such grafts to their original relations, after they had lain for 
varying periods under the skin, by removing the skin which covered 
them.  In other words, a  window was cut to expose the pieces of 
skin which had been buried with the epidermal side out, and their 
corners were stitched to the corners of the window so that when the 
granulations had been scraped  from their surfaces they lay in the 
normal position and environment of skin,  and  hence  should have 
behaved like ordinary superficial skin grafts, differing only in that 
they had been buried  for some time. 
It  was  found, as  is  shown in table  III,  that  the pieces  of  stdri 
would heal to the underlying surface and their edges would unite 
with the adjacent edges of the surrounding skin if they had been 
buried not more than twenty-four hours.  After burial for 36, 48, 
60, and 72 hours, and 4,  6, 8,  and  I2 days, they invariably  failed 
to survive.  On being exposed, pieces of skin which had been buried 498  Growth  of Displaced Normal  Tissue. 
TABLE  III. 
Hours  after operation. 
Rat. 
2 4  3 6  4 8  6o  7 2  4  6  8 
I  .............  S 
2  ......  , ..............................  0 
'3  ......  i ......................  0 
4 .............  S 
S  ......  , ......................................  0 
6  .............  S 
7. 
8  .............  0 
9  .............................  0 
I0  .....................................  O 
II  .............  S 
12  .............................................  0 
I3  ...........  0 
14  ............. 
15 ............. 
I6  .......... S 
I7  ........... 
I8  ..........  S 
I9  .............................  O 
20  .......... 
2I  ..........  O  1  22  ..... 
23  .....  " ....  These were unsutured at the edges. 
24 .....  iiiilo 
~5  .....................................................  0 
26  ...........................................................  O 
27  ........................  "  ..........................  ................  0 
28  ..... 
Days  after operation. 
Iar 
...........................................................  0 
S  =  successful. 
0  =  negative  (sloughing). 
longer  than  twenty-four  hours  were  found  white  and  opaque  but 
not  softened.  They  invariably  dried  up  into  a  crust,  even  when 
covered  by  a  protective  dressing. 
In ,these  cases  the  implanted  skin  was  not  only  deprived  of  its 
circulation  for  a  time  but  subjected  to the  somewhat  unfavorable 
action of implantation into another animal of the same species.  In 
order,  therefore,  to eliminate  both these  factors  and to  retain  only 
the change in physical conditions, an incision was made through the 
skin  around a  square  of  two centimeters  and  the neighboring  skin 
was lifted  up and sutured over it so as to cover this  island  of  skin 
which now beloriged to the same animal and retained  its circulation 
practically  intact  (table  IV). 
The  table  shows that such buried  skin  retained  its vitality  much C. V. Craster.  499 
longer than that in the preceding series, for on removing the cover- 
ing skin so that the buried portion was exposed through the window, 
many survivals were secured 'by union with the adjacent skin.  This 
was possible, however, only up to the twelfth day of burial;  after 
TABLE  IV. 
I'~  at. 
z  2  3  4  5  6  7  8  9  zo  zz  z~  z  3  z 4  t5  z6  z 7  z8 
I  ...........  S 
2 ..............  S 
.3 ...........  0 
4  ..................  0 
S ...........  S 
6  ......  ~  .......................................  0 
8  ...........  0 
~0  ..........  S 
Zl  ..............  0 
I2  ...........................................  0 
13 ..............................  ".'.'..' ..........  '.S 
I4  .....................................  S 
x6 ......................................................  O 
17 ..................................................................  O 
~I8 ..............................................  O 
119 ..........................................  0 
21 ..............................................  S 
22 ......  , ..............................................  .  ....  0 
24 ..............................................................  O 
125 ..................................  O 
"a26.  ~7  12121  211111111;21111111111111s  .....  o 
Days after operation. 
z9 
..0 
Sloughed  through. 
S  ~--- successful. 
0  ----- negative. 
that the islands of buried skin were found to be incapable of resum- 
ing their function when exposed, and all of them became necrotic 
and dried up into crusts. 
A quite similar result was obtained in another way, as is shown in 
table  V. 
Large flaps  of skin,  three centimeters long and  one  centimeter 
wide, with a  broad pedicle were raised  from the abdomen and in- 
serted into the peritoneal cavity through a  transverse incision, the 
pedicle being formed by the mid-thoracic portion of the skin.  The 
flap was fixed with the epithelial surface in contact with the serous 500  Growth of Displaced Normal  Tissue. 
TABLE  V. 
i 
Rat.  [  Days after first operation when skin was replaced. 
z  2  3  4-  5  6  7  ~  9  xo  z:t  z2  13  x 4  x 5  x6  :t  7  IS  x 9  20  2I  22  23  24  25 
i::::::  ::::s 
2 ......  S 
3  .......... 
4  .......  , .................................................  O 
5  ....................................  O 
6  ............  :  ....................  O 
7  ......  , ...............................  S 
8  ......................  S 
9  ......  i .....................................  O 
I0  ...........................................  S 
II  ...............  S 
I2  ........................................  O 
I3  ...............................  O 
I4  ........................................  S 
15 ...........................................  O 
I6 ..............................................  O 
17  ..... 
I8  ..... 
I9  ..............  ,.  .................  ,  ...............  O 
20  ..... 
21  ...........................  O 
22  ......  i ..........  ,  ................  ,  ......................  ... 
23 ....... 
24 ......  S 
25 ....... 
26 ...... O 
27  ....... 
28  ....... 
.O 
Twenty-eight  colored  rats  were  used. 
S  =  successful. 
O  =  negative. 
surface  of the  anterior  abdominal  wall  and  care  was  taken  not to 
constrict  the  pedicle.  At  another  operation  the  pedunculated  flap 
was drawn out and placed in its former position on the surface after 
various  periods,  as  is shown in the table.  The  limit of vitality  in 
this altered position seems to be sixteen days,  for many of the flap~ 
resumed their  function up to that time, but none after having been 
buried longer. 
Injections  of  the  blood-vessels  in  some  of  these  animals,  made 
while the flap was in its  intraperitoneal  position,  showed the exist- 
ence of a good circulation. C. V. Craster.  501 
SU M M ARY. 
We are unwilling to draw any very definite conclusions from the 
experiments, partly because they show a  survival of implanted skin 
of so much shorter duration than that which seems to occur in the 
case  of  spontaneous  implantation  cysts,  and  partly  because  the 
method of re6xposing the submerged grafts is rather a crude way of 
testing their vitality.  Nevertheless, the following points seem clear : 
I.  The  repeated  transplantation  of  a  piece  of  skin  from  one 
animal to another confers no exceptional power of growth upon that 
skin. 
2.  The repeated implantation of skin into one animal decreases, 
if anything, its receptivity for such grafts. 
3.  The burial of skin in the interior of the body causes, after a 
time, a change in the skin of such a nature that it cannot resume its 
normal function as an external covering tissue, even when its circu- 
lation  is well maintained and it  is buried  in the body of the same 
animal.  The experiments do not determine how long .the cells of 
the skin actually remain alive, and indeed it is conceivable that the 
mere maceration of the protective horny layer puts the skin,  when 
re6xposed, into the position of a moist tissue, such as the intestinal 
mucosa, so that it readily dries up and succumbs.  Nor do the ex- 
periments throw  any light upon the possible  existence of cytolytic 
substances in the circulating fluids, although, naturally, the idea of 
such an action has  always been present in our minds in observing 
the gradual loss of vitality in the transplanted tissues. 